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0.001), log oxidized low-density lipoprotein (oxLDL; P , 0.01),Strong association between malnutrition, inflammation, and
and small apo(a) isoform size (P , 0.05) in a multivariateatherosclerosis in chronic renal failure.
logistic regression model.Background. Atherosclerotic cardiovascular disease and
Conclusion. These results indicate that the rapidly devel-malnutrition are widely recognized as leading causes of the
oping atherosclerosis in advanced CRF appears to be causedincreased morbidity and mortality observed in uremic patients.
by a synergism of different mechanisms, such as malnutrition,C-reactive protein (CRP), an acute-phase protein, is a predictor
inflammation, oxidative stress, and genetic components. Apartof cardiovascular mortality in nonrenal patient populations. In
from classic risk factors, low vitamin E levels and elevatedchronic renal failure (CRF), the prevalence of an acute-phase
CRP levels are associated with an increased intima-media area,response has been associated with an increased mortality.
whereas small molecular weight apo(a) isoforms and increasedMethods. One hundred and nine predialysis patients (age
52 6 1 years) with terminal CRF (glomerular filtration rate levels of oxLDL are associated with the presence of carotid
7 6 1 ml/min) were studied. By using noninvasive B-mode plaques.
ultrasonography, the cross-sectional carotid intima-media area
was calculated, and the presence or absence of carotid plaques
was determined. Nutritional status was assessed by subjective
Atherosclerotic cardiovascular disease (AVD) is a ma-global assessment (SGA), dual-energy x-ray absorptiometry
jor cause of morbidity and mortality in patients with(DXA), serum albumin, serum creatinine, serum urea, and 24-
hour urine urea excretion. The presence of an inflammatory chronic renal failure (CRF) undergoing renal replace-
reaction was assessed by CRP, fibrinogen (N 5 46), and tumor ment therapy [1–3]. Despite significant progress in dial-
necrosis factor-a (TNF-a; N 5 87). Lipid parameters, including ysis technology, the prevalence of AVD has not de-Lp(a) and apo(a)-isoforms, as well as markers of oxidative
creased during the last decade [4]. The reason(s) behindstress (autoantibodies against oxidized low-density lipoprotein
the development of AVD is probably multifactorial, andand vitamin E), were also determined.
Results. Compared with healthy controls, CRF patients had factors such as deranged lipoprotein metabolism, diabe-
an increased mean carotid intima-media area (18.3 6 0.6 vs. tes mellitus, hypertension, hyperhomocysteinemia, and
13.2 6 0.7 mm2, P , 0.0001) and a higher prevalence of carotid
increased oxidative stress have all been implicated.plaques (72 vs. 32%, P 5 0.001). The prevalence of malnutrition
Among lipid parameters, plasma lipoprotein (a) [Lp(a)](SGA 2 to 4) was 44%, and 32% of all patients had an acute-
phase response (CRP $ 10 mg/liter). Malnourished patients has been demonstrated as an independent risk factor for
had higher CRP levels (23 6 3 vs. 13 6 2 mg/liter, P , 0.01), atherosclerotic complications in hemodialysis patients
elevated calculated intima-media area (20.2 6 0.8 vs. 16.9 6 [5]. However, in a recent study [6], no difference in
0.7 mm2, P , 0.01) and a higher prevalence of carotid plaques
plasma Lp(a) was found between survivors and nonsurvi-(90 vs. 60%, P , 0.0001) compared with well-nourished pa-
vors in a group of dialyzed diabetic patients, and Kro-tients. During stepwise multivariate analysis adjusting for age
and gender, vitamin E (P , 0.05) and CRP (P , 0.05) remained nenberg et al have demonstrated that the apo(a) isoform
associated with an increased intima-media area. The presence size may be more predicative for cardiovascular compli-
of carotid plaques was significantly associated with age (P , cations than plasma Lp(a) levels per se in CRF patients
[7–9].
Protein-energy malnutrition with muscle wasting isKey words: oxidative stress, apo(a) isoforms, atherosclerosis, uremia,
cardiovascular disease, nutrition, inflammation. present in a large proportion of patients with CRF and
is, in addition to atherosclerosis, a strong risk factor forReceived for publication October 6, 1998
mortality in patients undergoing hemodialysis or contin-and in revised form December 14, 1998
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has also been shown to be associated with increased 1999 by the International Society of Nephrology
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cardiovascular mortality in hemodialysis patients [11]. ied prior to the start of dialysis treatment. Patients who
Low serum albumin concentrations, usually used as an were more than 70 years of age were excluded. More-
index of malnutrition, are highly associated with in- over, patients who were hospitalized with clinical signs
creased mortality risk in patients with renal replacement of overt infection and/or acute vasculitis at the time of
therapy [12]. However, serum albumin is, to a large ex- admission were not included in the analysis of data. Part
tent, influenced by factors other than malnutrition, and of this patient material has been described previously
high concentrations of acute-phase proteins, such as [15, 22]. The mean 6 sem clearance of creatinine and
C-reactive protein (CRP), are correlated with low serum urea at the time of examination was 7 6 1 ml/min (range
albumin in malnourished hemodialysis patients [13, 14]. 2 to 15 ml/min). The mean urinary urea excretion was
Recently, we demonstrated elevated plasma Lp(a) levels 209 6 8 mmol/24 hr, and the mean urinary albumin
in CRF patients with signs of malnutrition, but although excretion was 2883 6 315 mg/24 hr. The mean age of
there was no relationship between plasma Lp(a) and the patients was 52 6 1 years (range 23 to 69 years), and
various nutritional parameters, our results suggested that the body-mass index (BMI), defined as the weight in
inflammation may contribute to elevated Lp(a) levels kilograms divided by square of height in meters, was
[15]. Bergstro¨m et al (abstract; J Am Soc Nephrol 6:573, 24.4 6 0.4 kg/m2 (range 14.3 to 38.7 kg/m2). The causes
1995) have reported that increased CRP is a strong risk
of CRF were chronic glomerulonephritis in 37 patientsfactor for death within one year in patients with CRF.
(34%), diabetic nephropathy in 30 patients (28%), poly-Furthermore, elevated CRP levels have been identified
cystic kidney disease in 15 patients (14%), interstitialas a risk factor for cardiovascular disease in healthy men
nephritis in 5 patients (4%), nephrosclerosis in 4 patients[16], and a large number of studies have reported on
(4%), and other or unknown etiologies in 18 patientsassociations of human coronary heart disease and indica-
(16%). Thirty-four of the patients (31%) had clinicaltions of certain persistent bacterial and viral infections
signs of cerebrovascular, cardiovascular, and/or periph-in nonrenal patients [17–20].
eral vascular disease (grouped as AVD). Of the 34 pa-Oxidative stress, which occurs when there is excessive
tients, 12 had suffered from cerebrovascular diseasefree-radical production or low antioxidant levels, has
(stroke). Nine had one or more myocardial infarctions.emerged as an important cofactor for the development
Eight had clinical signs of ischemic heart disease (anginaof endothelial dysfunction and possibly atherogenesis
pectoris). Eight had peripheral ischemic atherosclerotic[21]. Recently, we demonstrated lower plasmalogen lev-
vascular disease, and one patient had a history of anels in malnourished predialysis patients, indicating an
aortic aneurysm. Mean systolic and diastolic blood pres-increased oxidative stress in this patient group [22]. In
this context, it is of interest that an acute-phase response sures were 145 6 2 and 85 6 1 mm Hg, respectively. Most
is associated with decreased plasma levels of several anti- patients (85%) were on antihypertensive medications (b
oxidants [23]. Accordingly, during malnutrition, in- blockers, N 5 59; calcium channel blockers, N 5 62; and
creased oxidative stress in combination with chronic in- angiotensin-converting enzyme inhibitors, N 5 48), as
flammation might lead to an increased risk of AVD. well as other commonly used drugs in terminal CRF
However, it is also possible that increased production of such as phosphate and potassium binders, diuretics, and
cytokines during oxidative stress could result in an acute- vitamin B, C, and D supplementation. Eight of the pa-
phase response [24, 25]. tients were on HMG-CoA-reductase inhibitors.
In this cross-sectional study, we used the noninvasive Twenty-two healthy subjects, mainly recruited from
B-mode carotid ultrasonographic technique to assess healthy hospital staff members and closely matched to
preclinical atherosclerosis in 109 predialysis patients. To the patients for age (50 6 2 years) and gender (13 males),
assess the complex interactions between cardiovascular were also examined with carotid B-mode ultrasonogra-
disease, inflammation, malnutrition, Lp(a), and oxidative phy. The study protocol was approved by the Ethics
stress in these patients, we determined the nutritional Committee of Karolinska Institute at Huddinge Univer-
status [subjective global assessment (SGA) and dual- sity Hospital, Stockholm, Sweden, and informed consent
energy x-ray absorptiometry (DXA)], the presence of
was obtained from each patient and control subject.inflammation by CRP, fibrinogen and tumor necrosis
factor-a (TNF-a), blood lipid parameters, including Study protocol
Lp(a) and apo(a) isoform size, as well as markers of
Patients were interviewed and examined close to theoxidative stress [vitamin E and autoantibodies against
start of dialysis treatment. Smoking habits were recordedoxidized low-density lipoprotein (oxLDL)].
as two categories: (a) current/former smokers or (b) non-
smokers. After an overnight fast, blood samples for anal-
METHODS ysis of albumin, CRP, creatinine, urea, lipids, Lp(a),
Study population apo(a) isoform size, apolipoprotein A-I (apo A-1), apo
B, vitamin E, autoantibodies against oxLDL, fibrinogenOne hundred and nine patients (66 males and 43 fe-
males; 61% and 39%, respectively) with CRF were stud- (N 5 46), and TNF-a (N 5 87) were drawn. Nutritional
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status was recorded on the same occasion using SGA. dized human LDL were determined with a commercial
enzyme-linked immunoadsorbent assay (oLAB-Elisa;The systolic and diastolic blood pressures were deter-
mined by a 24-hour ambulatory blood pressure measure- Biomedica, Vienna, Austria). Determinations of serum
albumin (bromcresol purple), CRP, fibrinogen, urea, andment (N 5 62) or by a mercury sphygmomanometer in
the supine position following five minutes of rest (N 5 creatinine, as well as urinary excretion of albumin, creati-
nine, and urea were performed by routine procedures39). DXA (N 5 96), carotid B-mode ultrasonography,
and a 24-hour urine sample (N 5 82) for the determina- in the Department of Clinical Chemistry, Huddinge Hos-
pital. The detection limit of CRP was 10 mg/liter, andtion of creatinine, urea, and albumin excretion were per-
formed within a period of one to four weeks. all values of less than 10 mg/liter were in the statistical
evaluation treated as 9 mg/liter.
Biochemical methods
Nutritional statusSerum cholesterol and triglycerides were analyzed by
standard enzymatic procedures (Boehringer Mannheim, Subjective global nutritional assessment was used to
evaluate the overall protein-energy nutritional status [30,Mannheim, Germany). High-density lipoprotein (HDL)
cholesterol levels were determined after precipitation of 31]. SGA included six subjective assessments. Three
were based on the patient’s history of weight loss, inci-apo B-containing lipoproteins by phosphotungstic acid
[26]. Low density lipoprotein (LDL) cholesterol levels dence of anorexia, and incidence of vomiting, and three
were based on the subjective grading of muscle wasting,were calculated using the Friedewald formula [27]. Lev-
els of apo A-I and apo B were determined using an immu- the presence of edema, and the loss of subcutaneous fat.
Based on these assessments, each patient was given anonephelometric procedure (Behring AG, Marburg,
Germany). Plasma Lp(a) levels were analyzed using a score that reflects the nutritional status as follows: 1 5
normal nutritional status, 2 5 mild malnutrition, 3 5 mod-two-site immunoradiometric assay (Pharmacia, Uppsala,
Sweden). The method uses two monoclonal antibodies erate malnutrition, and 4 5 severe malnutrition. Body
composition was evaluated by DXA (Lunar Corp., Madi-to different epitopes of apo(a), one labeled with 125I and
one coupled to microsepharose. The coefficient of varia- son, Wisconsin, USA) with Lunar software version 3.4.
tion was 3.8% at a standard concentration of 36.4 mg/dl
Carotid B-mode ultrasonographyand 7.2% at a standard concentration of 13.7 mg/dl. The
Lp(a) serum standard was obtained from Immuno AG The right and left carotid arteries were examined with
a duplex scanner (Ultramark 9 HDI; Advanced Technol-(Vienna, Austria).
Apo(a) phenotyping was performed using Western ogy Laboratories, Bothell, WA, USA) using a 5 to 10
MHz linear array transducer. The subjects were investi-blotting, essentially as described by Kamboh et al [28].
Briefly, plasma samples were separated on a 2% subma- gated in the supine position with the head slightly turned
from the sonographer. All scannings were performed byrine agarose gel for 15 hours at 100 V at 48C. Thereafter,
the proteins were blotted onto a nitro-cellulose mem- the same trained sonographer. The carotid arteries were
carefully examined with regard to wall changes. The farbrane using an electroblotter for three hours in the cold.
The nitro-cellulose membrane was blocked using pow- wall of the common carotid artery (CCA), 0.5 to 1.0 cm
proximal to the beginning of the carotid bulb, was useddered skim milk (Carnation) and then incubated with a
primary antibody against apo(a). The apo(a) bands were for measurements of the intima-media thickness and lu-
men diameter. The intima-media thickness was definedvisualized with the ECL Amersham technique on Kodak
X-OMAT films using a second labeled antibody. The as the distance between the leading edge of the lumen-
intima echo and the leading edge of the media-adventitiaresults were related to standards with known apo(a) iso-
form sizes, obtained from Immuno AG (Innsbruck, Aus- echo. The lumen diameter was defined as the distance
between the leading edge of the intima-lumen echo oftria). Isoform size was expressed as number of kringle
4 (K4) repeats. When two apo(a) isoform sizes were the near wall and the leading edge of the lumen-intima
echo of the far wall. The examinations were videotapedseen, the intensity of the bands was judged by visual
inspection. In these cases, the band with the highest for subsequent analysis by a computer system (Macin-
tosh IIvx, QuickImage 24-videoframe grabber cardintensity, that is, the dominating apo(a) isoform size, was
used in the statistical analysis. (MASS Microsystems Inc.) and Panasonic NV-FS90EB
(VCR). Image software (National Institute of Health,Tumor necrosis factor-a was measured by photometric
enzyme-linked immunosorbent assay (ELISA). The Research Services Branch, National Institute of Mental
Health, Bethesda, MD, USA) was used to trace andELISA kits were obtained from Boehringer Mannheim.
The limit of detection in serum was 5 pg/ml. Vitamin E measure the distances between the wall echoes within a
10 mm in length section of the CCA in late diastole,was determined by high-performance liquid chromatog-
raphy with ultraviolet detection using vitamin E acetate defined by a simultaneous electrocardiographic record-
ing. The mean values of the intima-media thickness andas an internal standard [29]. Autoantibodies against oxi-
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Table 1. Carotid B-mode ultrasonographic data in chronic renallumen diameter over the 10 mm were calculated using
failure (CRF) patients and in age- and sex-matched healthy controls
an application developed with 4th Dimension (ACI).
CRF patients Controls SignificanceWhen a plaque was observed in the region of CCA mea-
(N 5 109) (N 5 22) Psurements, the intima-media thickness was not mea-
Age years 5161 50 62 NSsured. Carotid plaque was defined as a localized intima-
Prevalence of males % 60 59 NS
media thickening of more than 1 mm and at least a Prevalence of carotid
plaques %a 72 32 0.001100% increase in thickness compared with adjacent wall
Intima-media thicknesssegments. Plaque was screened for in the common, inter-
Right intima-media 0.7260.02 0.65 60.02 0.06
nal, and external carotid arteries. Plaque occurrence was thickness mm
Left intima-media 0.7660.02 0.64 60.03 ,0.01scored as the absence of plaques, the presence of unilat-
thickness mmeral plaques, and the presence of bilateral plaques. To
Mean intima-media 0.7460.02 0.64 60.03 ,0.01
compensate for the stretching of arterial distention (sec- thickness mm
Lumen diameterondary to increased arterial pressure) on the altered wall
Right lumen diameter mm 7.160.1 5.9 60.1 ,0.0001thickness, the cross-sectional calculated intima-media
Left lumen diameter mm 6.960.1 5.8 60.1 ,0.0001
area (cIM area) was calculated using the following for- Mean lumen diameter mm 7.060.1 5.8 60.1 ,0.0001
Calculated intima-media areamula: 3.14 [(lumen diameter/2 1 intima-media thick-
Right calculated 18.060.6 13.4 60.6 ,0.0001ness)2 2 (lumen diameter/2)2]. We have shown the cIM
intima-media area mm2
area, but not the intima-media thickness, to be unaf- Left calculated 18.760.6 13.1 60.8 ,0.0001
intima-media area mm2fected by variations in artery distention secondary to
Mean calculated 18.360.6 13.2 60.7 ,0.0001changes in blood pressure [32]. The ultrasonographic
intima-media area mm2
methods used have been described in detail previously
Data are mean 6 sem. Data on mean intima-media thickness and lumen diame-[33, 34]. The presence of carotid plaques was determined ter were collected in 103 CRF patients.
a Uni- or bilateral plaquesin all 109 patients, whereas because of technical problems
and the occurrence of CCA plaques, the intima-media
thickness and the cIM area could be determined in 103
patients. As it recently has been proven that the cross-
the left side (6.9 6 0.1 vs. 7.1 6 0.1 mm, P , 0.01)sectional cIM area is a much better predictor of coronary
compared with the right side. The cIM area did not differatherosclerosis than intima-media thickness [34], the cIM
(18.7 6 0.6 vs. 18.0 6 0.6 mm2) between the two sides,area and not intima-media thickness was chosen as the
and in the following, the mean of the left and right cIMsurrogate marker of degree of atherosclerosis in this study.
areas is therefore used.
Patients with CRF had significantly increased meanStatistical analyses and handling of data
intima-media thickness, lumen diameter, and cIM areaData are presented as mean 6 sem, with a P of less
as compared with controls (Table 1). Moreover, the prev-than 0.05 taken to indicate a statistical significance. A
alence of carotid plaques was significantly elevated incomparison between the two groups was performed us-
patients with CRF. Significant positive relations betweening Student’s t-test for normally distributed variables,
age and the mean intima-media area were found in bothwhereas the Mann–Whitney’s U-test was used for non-
control subjects (R 5 0.55, P , 0.01) and CRF patientsnormal distributed variables. Comparisons between two
(R 5 0.61, P , 0.0001), as shown in Figure 1. However,groups for nominal variables were made by the Fisher
for all ages, the mean cIM area was higher among CRFexact test. Correlation’s were performed by linear regres-
patients.sion analysis (R). However, for non-normally distributed
variables, correlations were performed with the Spear-
Apo(a) isoform dataman rank test (Rho). Independent associations between
The median apo(a) isoform size was 29 K4 units (rangeone dependent variable and more than two independent
17 to 42 K4 units). Apo(a) isoform analysis was notvariables were assessed by multiple and logistic regres-
performed in one patient. Detectable apo(a) bands weresion analysis.
found in 97 of the 108 patients, whereas in 11 patients
(10%), we could not detect any apo(a) isoform bands
RESULTS by immunoblotting. A strong, significant, inverse correla-
Increased calculated intima-media area and plaque tion (Rho 5 20.38, P 5 0.0002) was observed between
occurrence in chronic renal failure plasma Lp(a) levels and the molecular size of the domi-
nating apo(a) isoform in the 97 patients with detectableIn patients with CRF, the left intima-media thickness
isoforms. As seen in Figure 2, smaller apo(a) sizes werewas significantly increased (0.76 6 0.02 vs. 0.72 6 0.02
relatively more common among CRF patients with de-mm, P , 0.05) compared with the right side. On the other
hand, the lumen diameter was significantly decreased on tectable carotid plaques.
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Fig. 1. Relationship between age and the mean calculated intima-
media area in (s) CRF patients (R 5 0.61, P , 0.0001) and (j) age- Fig. 2. Cumulative frequency of apo(a) isoform size (K4 units) in predi-
and sex-matched healthy controls (R 5 0.55, P , 0.01), respectively. alysis patients with (s) and without (j) carotid plaques, respectively.
The regression lines indicated are CRF (——) and healthy controls
(· · ·), respectively.
dian plasma Lp(a) level was slightly, but significantly,Malnourished versus well-nourished patients
higher in the malnourished patient group, whereas the
At first the patients were divided into two groups ac-
mean apo(a) isoform size did not differ. Plasma vitamin
cording to their nutritional status, as assessed by SGA. E levels were significantly lower in the malnourished
Forty-eight (44%) of the patients were considered to be patient group, whereas oxLDL did not differ between
malnourished (SGA 2 to 4), whereas 61 patients (56%) the malnourished and well-nourished patient groups.
were considered to be well nourished (SGA 1). As shown However, a weak, but significant, negative correlation
in Table 2, malnourished patients were significantly older (Rho 20.22, P , 0.05) was observed between vitamin
and more often had a history of cigarette smoking, E and oxLDL levels. In addition, malnourished patients
whereas the prevalence of diabetes mellitus and male had significantly elevated CRP and fibrinogen levels,
gender was not significantly different between the two whereas TNF-a levels did not differ.
groups of patients. Diabetic CRF patients had signifi-
cantly lower serum albumin levels (30.3 6 1.2 vs. 34.9 6 Impact of inflammation
0.7 g/liter, P , 0.001) and higher serum cholesterol levels The patients were also divided into two groups ac-
(6.6 6 0.3 vs. 5.7 6 0.2 mmol/liter, P , 0.05) compared cording to CRP levels: CRP , 10 mg/liter (N 5 74) and
with the nondiabetic CRF patients, whereas all other CRP $ 10 mg/liter (N 5 35), respectively. Patients with
nutritional, lipid, inflammatory, and vascular disease pa- CRP levels $ 10 mg/liter were significantly older,
rameters did not differ significantly. As expected, mal- whereas the prevalence of cigarette smokers, males, and
nourished patients had lower BMI, serum creatinine, diabetics did not differ between the two groups (Table
serum albumin, and urine urea excretion, whereas serum 4). The prevalence of malnutrition (SGA 2 to 4) was
urea did not differ between the two groups of patients. significantly elevated in patients with elevated CRP, but
An analysis of body composition with DXA showed a no significant differences across the two groups were
significantly lower lean body mass in the malnourished detected in either BMI, serum urea, urine urea excretion,
patient group. or lean body mass. As expected, serum albumin levels
The prevalence of AVD, carotid duplex data, lipid as were significantly lower in patients with elevated CRP
well as inflammatory parameters in the malnourished levels.
and well-nourished patient groups is given in Table 3. Patients with CRP levels $ 10 mg/liter had a signifi-
Malnourished patients had significantly increased mean cantly increased mean cIM area compared with patients
intima-media thickness and mean cIM area compared with CRP , 10 mg/liter. Also, mean lumen diameter
with well-nourished patients. No significant difference was slightly, but significantly, elevated in patients with
in the lumen diameter was observed between the two elevated CRP (Table 5). The prevalence of carotid
groups. The prevalence of patients with carotid plaques plaques and AVD was significantly elevated in patients
and AVD were both significantly elevated among the with signs of inflammation as compared with patients
malnourished patients. Blood lipid levels did not differ with normal CRP. Blood lipid parameters, including
plasma Lp(a) levels and apo(a) isoform size, as well asbetween the two groups of patients. However, the me-
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Table 2. Clinical characteristics and nutritional parameters in 109 predialysis patients with no signs of malnutrition (SGA 1) and
moderate to severe (SGA 2–4) malnutrition
Well-nourished Malnourished Significance
(N 5 61) (N 5 48) P
Clinical characteristics
Age years 4762 57 62 ,0.0001
Prevalence of smokers/former smokers % 39 65 ,0.05
Prevalence of males % 66 54 NS
Prevalence of diabetes mellitus % 23 33 NS
Nutritional parameters
BMI kg/m2 25.560.5 22.9 60.7 ,0.01
Serum creatinine lmol /liter 742622 593 625 ,0.0001
Serum urea mmol /liter 3261 31 61 NS
Serum albumin g/liter 34.860.8 32.2 60.9 ,0.05
Urine urea mmol/24 hr 232610 181 612 ,0.01
Lean body mass, by DXA kg 51.561.5 44.5 61.4 ,0.01
Data are mean 6 sem. Abbreviations are in the Appendix.
Table 3. Vascular, lipid and inflammatory parameters in 109 predialysis patients with no signs of malnutrition (SGA 1) and
moderate to severe (SGA 2–4) malnutrition
Well-nourished Malnourished Significance
(N 5 61) (N 5 48) P
Vascular parameters
Mean intima-media thicknessa mm 0.7060.02 0.79 60.03 ,0.01
Mean lumen diametera mm 6.960.1 7.2 60.1 NS
Mean intima-media areaa mm 16.960.7 20.2 60.8 ,0.01
Systolic blood pressure mm Hg 14562 146 62 NS
Diastolic blood pressure mm Hg 8862 82 62 ,0.05
Prevalence of carotid plaquesb % 60 90 ,0.0001
Prevalence of AVD % 16 52 ,0.0001
Lipid parameters
Cholesterol mmol/liter 6.060.2 6.0 60.3 NS
Triglycerides mmol/liter 2.660.2 2.1 60.2 NS
HDL cholesterol mmol/liter 1.360.1 1.4 60.1 NS
LDL cholesterol mmol/liter 3.760.2 3.6 60.2 NS
Apo A-1 g/liter 1.4260.05 1.42 60.06 NS
Apo B g/liter 1.2260.04 1.22 60.07 NS
Lp(a)c mg/dl 12 (1–103) 19 (1–147) ,0.05
Apo(a) isoform size K4-units 29.960.8 27.5 60.7 NS
Vitamin E lmol/liter 37.361.3 32.5 61.8 ,0.05
oxLDLc mU/ml 366 (95–1681) 447 (56–6060) NS
Inflammatory parameters
CRP mg/liter 1362 23 63 ,0.01
TNF-ad pg/ml 21.161.3 22.6 61.7 NS
Fibrinogene g/liter 4.860.2 5.7 60.2 ,0.05
Data are mean 6 sem. Abbreviations are in the Appendix.
a N 5 103
b Uni- or bilateral plaques
c Median and range
d N 5 87
e N 5 46
vitamin E or oxLDL levels, did not differ between the carotid plaques (N 5 79). As expected, patients with
carotid plaques were older and more often malnourishedpatient groups. CRP levels correlated positively to age
(Rho 0.47, P , 0.0001), fibrinogen (N 5 46, Rho 0.49, than patients without carotid plaques (Table 6). CRF
patients with presence of carotid plaques had a markedlyP 5 0.001), mean cIM area (Rho 0.37, P , 0.001), TNF-a
(Rho 0.34, P 5 0.001), Lp(a) levels (Rho 0.21, P , 0.05), increased mean cIM area and an increased prevalence
of AVD (Table 7). Whereas the systolic blood pressureand oxLDL (Rho 0.23, P , 0.05).
did not differ significantly, patients with carotid plaques
Carotid plaques versus no carotid plaques had a significantly lower diastolic blood pressure and
higher pulse pressure (63 6 2 vs. 52 6 2 mm Hg, P ,Finally, the patients were divided into two groups:
those without carotid plaques (N 5 30) and those with 0.001) compared with patients without carotid plaques.
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Table 4. Clinical characteristics and nutritional parameters in 109 predialysis patients with no signs of inflammation (CRP ,10 mg/liter)
and mild to moderate inflammation (CRP $10 mg/liter)
CRP ,10 mg/liter CRP $10 mg/liter Significance
(N 5 74) (N 5 35) P
Clinical characteristics
Age years 4861 58 62 ,0.001
Prevalence of smokers/former smokers % 47 43 NS
Prevalence of males % 59 63 NS
Prevalence of diabetes mellitus % 27 31 NS
Nutritional parameters
Prevalence of malnutrition (SGA 2–4) % 34 65 ,0.01
BMI kg/m2 24.060.5 25.5 61.2 NS
Serum creatinine lmol/liter 683622 660 630 NS
Serum urea mmol/liter 3161 33 62 NS
Serum albumin g/liter 34.860.7 31.3 61.1 ,0.01
Urine urea mmol/24 hr 21468 199 618 NS
Lean body mass, by DXA kg 48.861.3 47.1 62.0 NS
Data are mean 6 sem. Abbreviations are in the Appendix.
Table 5. Vascular, lipid and inflammatory parameters in 109 predialysis patients with no signs of inflammation (CRP ,10 mg/liter)
and mild to moderate inflammation (CRP $10 mg/liter)
CRP ,10 mg/liter CRP $10 mg/liter Significance
(N 5 74) (N 5 35) P
Vascular parameters
Mean intima-media thicknessa mm 0.7260.02 0.78 60.03 NS
Mean lumen diametera mm 6.960.1 7.3 60.2 ,0.05
Mean intima-media areaa mm2 17.560.6 20.1 61.0 ,0.05
Systolic blood pressure mm Hg 14562 147 63 NS
Diastolic blood pressure mm Hg 8761 82 62 NS
Prevalence of carotid plaquesb % 64 91 ,0.01
Prevalence of AVD % 23 49 ,0.05
Lipid parameters
Cholesterol mmol/liter 6.060.2 5.9 60.3 NS
Triglycerides mmol/liter 2.460.2 2.4 60.2 NS
HDL cholesterol mmol/liter 1.360.1 1.3 60.1 NS
LDL cholesterol mmol/liter 3.760.2 3.6 60.2 NS
Apo A-1 g/liter 1.4460.05 1.37 60.06 NS
Apo B g/liter 1.2260.05 1.22 60.06 NS
Lp(a)c mg/dl 14 (1–103) 15 (1–147) NS
Apo(a) isoform size K4-units 28.860.6 27.3 61.0 NS
Vitamin E lmol/liter 34.661.3 36.5 62.1 NS
oxLDLa mU/ml 388 (56–1681) 483 (135–6060) NS
Inflammatory parameters
CRP mg/liter ,10 3565 not tested
TNF-ad pg/ml 20.061.0 25.9 62.4 ,0.05
Fibrinogene g/liter 4.760.2 6.0 60.5 ,0.01
Data are mean 6 sem. Abbreviations are in the Appendix.
a N 5 103
b Uni- or bilateral plaques
c Median and range
d N 5 87
e N 5 46
No significant differences between the two groups were ence in fibrinogen levels did not attain statistical signifi-
cance. By univariate logistic regression analysis, age,seen in any of the blood lipid parameters, including
plasma Lp(a), whereas the mean apo(a) isoform size was malnutrition (SGA), serum albumin, cigarette smoking,
apo(a) isoform size, TNF-a, CRP, and log oxLDL weresignificantly smaller in the patient group with carotid
plaques. Whereas no significant difference was observed significantly (or near significantly) associated with the
presence of unilateral or bilateral carotid plaques (Tablein vitamin E levels, the median level of oxLDL was
significantly elevated in patients with carotid plaques 8), whereas diabetes mellitus, vitamin E, blood lipid pa-
rameters, mean arterial pressure, BMI, male gender, and(Table 7). CRP levels and TNF-a were significantly ele-
vated in patients with carotid plaques, whereas the differ- fibrinogen were not. However, in a multiple logistic re-
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Table 6. Clinical characteristics and nutritional parameters in 109 predialysis patients with or without carotid plaques
Plaques absent Plaques present Significance
(N 5 30) (N 5 79) P
Clinical characteristics
Age years 4062 56 64 ,0.0001
Prevalence of smokers % 37 54 NS
Prevalence of males % 63 59 NS
Prevalence of diabetes mellitus % 18 32 NS
Nutritional parameters
Prevalence of malnutrition (SGA 2–4) % 17 54 ,0.01
BMI kg/m2 24.160.7 24.5 60.5 NS
Serum creatinine lmol/liter 721632 659 621 NS
Serum urea mmol/liter 3161 32 61 NS
Serum albumin g/liter 35.961.0 32.8 60.8 ,0.05
Urine urea mmol/24 hr 231631 200 610 NS
Lean body mass, by DXA kg 49.462.8 47.7 61.1 NS
Data are mean 6 sem. Abbreviations are in the Appendix,
Table 7. Vascular, lipid and inflammatory parameters in 109 predialysis patients with or without carotid plaques
Plaques absent Plaques present Significance
(N 5 30) (N 5 79) P
Vascular parameters
Mean intima-media thicknessa mm 0.6360.02 0.78 60.02 ,0.0001
Mean lumen diametera mm 6.760.2 7.2 60.1 ,0.05
Mean intima-media areaa mm2 14.660.7 19.7 60.6 ,0.0001
Systolic blood pressure mm Hg 14163 147 62 NS
Diastolic blood pressure mm Hg 8962 84 61 ,0.05
Prevalence of AVD % 3 41 ,0.0001
Lipid parameters
Cholesterol mmol/liter 6.160.3 5.9 60.2 NS
Triglycerides mmol/liter 2.560.3 2.3 60.1 NS
HDL cholesterol mmol/liter 1.460.1 1.3 60.1 NS
LDL cholesterol mmol/liter 3.760.2 3.6 60.2 NS
Apo A-1 g/liter 1.4460.09 1.42 60.04 NS
Apo B g/liter 1.2160.08 1.22 60.04 NS
Lp(a)b mg/dl 13 (1–72) 15 (1–147) NS
Apo(a) isoform size K4-units 30.261.1 27.6 60.6 ,0.05
Vitamin E lmol/liter 37.562.0 34.3 60.3 NS
oxLDLb mU/ml 299 (102–1681) 483 (56–6060) ,0.05
Inflammatory parameters
CRP mg/liter 1061 20 63 ,0.01
TNF-aa pg/ml 17.961.4 23.2 61.3 ,0.05
Fibrinogend g/liter 4.860.6 5.3 60.2 NS
Data are mean 6 sem. Abbreviations are in the Appendix.
a N 5 103
b Median and range
c N 5 87
d N 5 46
gression analysis (in which TNF-a was not allowed to
enter because of only 87 observations) with carotid
plaques as the dependent variable, only age (P , 0.0002),Table 8. Univariate logistic regression analysis of risk factors for
uni- and bilateral plaques (N 5 109) log oxLDL (P , 0.01), and apo(a) isoform size (P , 0.05)
remained associated to the presence of carotid plaquesWald x2 P value
(Table 9).
Age 26.8 ,0.0001
Malnutrition (SGA) 10.1 ,0.01 Risk factors for increased calculated intima-mediaSerum albumin 5.2 ,0.05
area in chronic renal failureSmoking 4.7 ,0.05
Apo(a) isoform size 3.9 ,0.05 By univariate regression analysis, age, fibrinogen, maleCRP 3.2 0.06
gender, CRP, malnutrition (SGA), cigarette smoking,TNF-aa 2.9 0.07
Log oxLDL 2.7 0.09 and vitamin E were shown to be associated with an
a N 5 87 increased cIM area (Table 10), whereas blood lipid pa-
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Table 9. Logistic multiple regression analysis with uni- and bilateral
carotid plaques as dependent variable in 109 predialysis patients
Variable Wald x2 P value
Age 13.9 ,0.0002
Log oxLDL 7.1 ,0.01
Apo(a) isoform size 3.9 ,0.05
Serum albumin 2.5 NS
Smoking (non-smoking51, smoking 52) 1.3 NS
Malnutrition (SGA 1 51, SGA 2–4 52) 1.0 NS
CRP ,1.0 NS
Table 10. Univariate regression analysis of risk factors for increased
calculated intima media area (N 5 103)
R value P value Fig. 3. Prevalence (%) of malnutrition (SGA 2 to 4), inflammation
(CRP $ 10 mg/liter) and the presence of unilateral or bilateral carotidAge 0.60 ,0.0001
plaques on B-mode ultrasonography in 109 predialysis patients. NoteFibrinogena 0.41 ,0.01
that 22% of the predialysis patients had no signs of either malnutrition,Male gender 0.39 ,0.0001
inflammation, or carotid plaques.CRP 0.35 ,0.001
Malnutrition (SGA) 20.29 ,0.01
Smoking 0.27 ,0.01
Vitamin E 20.19 ,0.05
a N 5 46 DISCUSSION
Cardiovascular complications caused by an acceler-
ated atherosclerotic disease are the principal cause of
Table 11. Stepwise multiple regression analysis with calculated morbidity and mortality in patients with advanced CRF
intima-media area as dependent variable in 103 predialysis patients [1–3]. A three- to five-year follow-up of 6742 CRF pa-
Variable Change in R2% P value tients revealed that the relative risk of death from myo-
cardial infarction was five times higher than in the gen-Age 37.4 ,0.0001
Male gender (male 51, female 52) 14.2 ,0.0001 eral population (abstract; Raine et al, Nephrol Dial
CRP 2.9 ,0.05 Transplant, 6:902, 1991). Indeed, the results of this studyVitamin E 2.7 ,0.05
demonstrate that patients with advanced CRF seem toSmoking (non-smoking51, smoking 52) 1.3 0.08
Malnutrition (SGA 1 51, SGA 2–4 52) ,1.0 NS have an accelerated atherogenesis as detected by mean
cIM area compared with a group of age- and sex-matched
healthy controls (Fig. 1), confirming results by Kawagishi
et al [35]. The high prevalence of carotid plaques found
rameters, apo(a) isoform size, serum albumin, mean arte-
in this study is also in agreement with previous studiesrial pressure, diabetes mellitus, BMI, TNF-a, log oxLDL
in uremic patients [7, 36].were not. In a stepwise multivariate regression analysis
In recent years, the possibility of measuring structural(in which fibrinogen was not allowed to enter because
changes in the arterial wall using B-mode ultrasonogra-of only 46 observations), adjusting for age and gender,
phy images has gained increasing interest. This approachweak but significant associations were observed between
has demonstrated a significant association of differentmean cIM area and vitamin E (P , 0.05) and CRP (P ,
B-mode variables in the carotid arteries with risk of0.05), as shown in Table 11.
clinical coronary events [37]. Also, in autopsy studies a
close correlation between coronary artery atherosclero-Associations between malnutrition, inflammation, and
carotid plaques sis and extent of atherosclerotic lesions in the carotid
arteries has been revealed [38]. In a recent study byFigure 3 shows data on the prevalence of malnutrition
Hodis et al, it was concluded that the absolute intima-(44%), inflammation (32%), and carotid plaques (72%)
media thickness and the progression of intima-mediain our predialysis patient population. No signs of either
thickness predicted risk for coronary events beyond thatmalnutrition, inflammation, or carotid plaques were seen
predicted by coronary arterial measures of atherosclero-in 24 (22%) of the CRF patients. A considerable portion
sis and lipid measurements [39]. Moreover, we have re-of CRF patients with carotid plaques had signs of either
cently demonstrated that carotid ultrasonography is amalnutrition (24%), inflammation (13%), or both (30%).
useful diagnostic method that is comparable to exerciseNote that a vast majority of patients with inflammation
test and variance electrocardiogram for detection of cor-and malnutrition (97% and 89%, respectively) had ca-
rotid plaques. onary heart disease in a high-prevalence population [34].
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Malnutrition Inflammation
One of the major findings of this study is that predial-Malnutrition and hypoalbuminemia have been shown
to be important predictors of mortality and hospitaliza- ysis patients with signs of ongoing acute-phase response
have an increased mean cIM area, as well as an increasedtion in patients with CRF [12, 40, 41], and a recent study
showed an association between the presence of cardiac prevalence of carotid plaques, suggesting an association
between inflammation and atherogenesis. The reason(s)disease and hypoalbuminemia in hemodialysis patients
[13]. In this study, 44% of the patient population was for the elevated CRP levels in this study is not known,
and we cannot rule out that, at least in some patients,considered to be malnourished by SGA, a similar preva-
lence of malnutrition as previously reported in CRF [41, CRP could be elevated in response to some subclinical
infection not apparent at the time of examination. Step-42]. It is notable (Fig. 3) that most CRF patients with
malnutrition had signs of an ongoing acute-phase res- wise multiple regression analysis demonstrated that after
adjusting for age and gender, both important predictorsponse and/or carotid plaques, suggesting that malnutrition
is closely associated with both AVD and an inflammatory of carotid atherosclerosis, CRP remained an indepen-
dent risk factor for increased cIM area. However,response. It has been suggested that proinflammatory
cytokines (TNF-a and interleukins) induce an acute- whereas unmodifiable risk factors, such as age (R2 5
0.37) and male gender (R2 5 0.14), together explainedphase response in the liver, resulting in an increase in the
degradation of albumin [41]. In this study, malnourished more than 50% of the differences observed, elevated
CRP only explained a minor part (less than 3%) of theCRF patients presented several clinical and biochemical
features that could be speculated to increase the risk of observed differences in the cross-sectional cIM area.
Moreover, when these findings are interpreted, two studyaccelerated atherosclerosis: higher age, increased preva-
lence of cigarette smoking, elevated plasma Lp(a) levels, limitations must be taken into consideration: (1) this
study was cross-sectional, and (2) because of the analysisand lower levels of the antioxidant vitamin E. We have
recently presented data from the same patient material method used, we were not able to detect possible minor
elevations of CRP within the normal range (less than 10demonstrating significantly lower levels of another
marker of oxidative stress, plasmalogen, in malnourished mg/liter). However, several strands of recent evidence
suggest that elevated CRP may, indeed, be associatedCRF patients [22]. Furthermore, the malnourished pa-
tients had significantly elevated CRP and fibrinogen lev- with increased atherogenesis. It has been demonstrated
that CRP predicts mortality in hemodialysis (abstract;els, indicating an ongoing inflammatory process. In-
creased fibrinogen levels have been reported to be Bergstro¨m et al, J Am Soc Nephrol 6:573, 1995), as well
as peritoneal dialysis (abstract; Han et al, J Am Socassociated with an increased risk of death in diabetic
hemodialysis patients [6] as well as continuous ambula- Nephrol 8:264, 1997) patients. In addition, Zimmermann
et al have recently reported that inflammation enhancestory peritoneal dialysis patients [43].
In this study, we could not find any associations be- cardiovascular risk and mortality in hemodialysis pa-
tients [45]. There is now mounting evidence suggestingtween nutritional status (SGA and serum albumin) and
an increased mean cIM area or presence of carotid that inflammatory diseases may have a role in the patho-
genesis of cardiovascular disease in nonrenal patients,plaques in multiple regression models following the ad-
justment for age. Previously, Savage et al have reported and an association with certain persistent bacterial and
viral infections has been suggested [16–20, 46]. Thus,serum albumin to be related to carotid plaques and in-
tima-media thickness in 24 CRF patients [36]. On the both an acute-phase reaction and the presence of cardio-
vascular disease may act in synergy, strengthening a vi-other hand, Folsom et al reported a lack of association
between serum albumin and carotid intima-media thick- cious cycle leading to rapidly progressive atherosclerosis.
The cytokine TNF-a has previously been reported toness in a large number of nonrenal patients [44], and
Koch et al have reported that nutritional status does not be elevated in CRF patients [47], and in a recent study,
a relationship between TNF-a and risk factors for AVDindependently predict either overall or cardiovascular
mortality [6]. Taken together, these results suggest that in nonrenal patients was reported [48]. In this study,
predialysis patients with carotid plaques had significantlyalthough hypoalbuminemia may be a marker for chronic
disease and perhaps renal loss of albumin, it seems un- elevated plasma levels of TNF-a that could suggest a
role for this cytokine in atherogenesis. An additional ob-likely that serum albumin per se is an important cause
of cardiovascular disease. The findings by Kaysen et al servation in this study was a weak but significantly positive
correlation between CRP and oxLDL, which could sug-showing that the degree of acute phase response is an
important predictor of low serum albumin levels in he- gest a relationship between inflammation and an in-
creased oxidative stress. Future prospective studies aremodialysis patients could argue that the previously re-
ported association between low serum albumin levels and therefore needed to elucidate a cause–effect relationship
between a chronic low-grade inflammatory response andan increased risk of cardiovascular disease might be con-
founded by the presence of an acute-phase response [14]. increased oxidative stress in malnourished CRF patients.
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Increased oxidative stress by the effect of malnutrition, as improved nutritional
status is associated with hyperlipidemia in patients withAnother important finding of this study is that predial-
CRF [58]. Finally, the serum lipid levels were only deter-ysis patients with carotid plaques had significantly ele-
mined once in this cross-sectional study, and the durationvated levels of autoantibodies against oxLDL levels com-
of dyslipidemia may differ markedly between patients.pared with patients with no plaques, in accordance with
It is of interest that whereas the median Lp(a) level didprevious findings in nonrenal patients by Salonen et al
not differ significantly between patients with or without[49]. Indeed, oxidative modification of LDL has been
carotid plaques, patients with carotid plaques had a sig-shown to be associated with the development of prema-
nificantly smaller mean apo(a) isoform size (Fig. 2),ture atherosclerosis in middle-aged men, supporting the
which confirms results previously presented by Kro-hypothesis that lipid peroxidation is an important factor
nenberg et al [7–9]. Also, in nonrenal patients, small sizefor atherogenesis [50]. Moreover, results presented by
apo(a) has been associated with cardiovascular diseaseAndo et al suggest that oxLDL may be taken up more
[59]. Taken together, these results suggest that the genet-readily in dialysis patients than in healthy subjects be-
ically determined apo(a) isoform size may influence thecause of an increased expression of the type 1 scavenger
development of atherosclerosis in both uremic and non-receptor [51]. In this study, a significant inverse correla-
renal patients.tion was observed between vitamin E and levels of auto-
antibodies against oxLDL, suggesting that vitamin E is Different risk factor profile
an important inhibitor of LDL oxidation. In the CRF
In this study, two different surrogate markers (cIMpatients, low vitamin E was found to be significantly
area and carotid plaques) were used to detect atheroscle-associated with an increase in the mean cIM area, al-
rosis. Whereas the mean cIM area reflects the diffusethough only to a modest degree (2.7%, adjusted R2). We
thickening of the arterial wall, the presence of atheroma-also found somewhat, but significantly, lower levels of
tous carotid plaques represents a potential disturbancevitamin E in malnourished CRF patients. Previously,
in conduit function, as recently discussed by London anddietary supplementation of vitamin E in humans has
Dru¨eke [53]. As demonstrated in this and other studies,been shown to increase the resistance of isolated LDL
these two manifestations of atherosclerosis frequently
to oxidation [52]. Whether supplementation with vitamin
coexist in Western populations, and both progress with
E will have the same effect in malnourished CRF patients
age. However, whereas these wall changes may share
has, to the best of our knowledge, not been studied. It
several common pathogenetic mechanisms, the results
should be emphasized that protection against cardiovas-
of this study suggest that the risk factor profile may be
cular disease by vitamin E might occur by several mecha- somewhat different. Thus, the cIM area seems to be
nisms as reviewed by London and Dru¨eke [53]. more related to an acute-phase response, whereas the
development of carotid plaques relates primarily to oxi-Dyslipidemia and apo(a) isoform size
dative stress and possibly also local hemodynamic fac-
Abnormalities of lipoproteins are common in patients tors.
with CRF and have been postulated to contribute to
the high incidence of cardiovascular disease. Generally,
CONCLUSIONSelevated levels of total cholesterol, LDL cholesterol, and
triglycerides are found in uremia, whereas high-density In summary, this cross-sectional study in predialysis
lipoprotein cholesterol levels usually are decreased [54]. patients has demonstrated high prevalences of malnutri-
In nonrenal patient groups, this pattern of lipid abnor- tion (44%), inflammation (32%), and carotid plaques
malities is associated with accelerated atherosclerosis (72%) and that these conditions frequently coincide.
[55, 56]. However, in this study, we could not identify Malnourished predialysis patients are more often ciga-
lipid abnormalities as a risk factor for either carotid rette smokers and have elevated plasma Lp(a) levels,
plaques or an increased cIM area, which confirms results increased oxidative stress, and an enhanced acute-phase
from several recent studies [7, 35, 57]. There may be response, which all, alone or in concert, may increase
several reasons contributing to this result. At first, one the risk of atherosclerotic vascular disease. Apart from
could speculate that other risk factors (such as increased classic risk factors, the results of this study also suggest
oxidative stress, genetic predisposition, hypertension, that low vitamin E levels and elevated CRP levels are
and inflammation) are more important in uremic patients associated with an increased cIM area in predialysis pa-
and that moderate dyslipidemia will not, at least in any tients. The presence of carotid plaques were apart from
major way, contribute to any substantial increase in the age, only associated with small molecular weight apo(a)
overall atherogenic risk in this high-risk patient popula- isoforms and increased levels of autoantibodies against
tion. Second, the potential deleterious effect of dyslipide- oxLDL. The results of this study suggest a synergism
between different mechanisms, such as malnutrition, in-mia on the atherosclerotic process could be confounded
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